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INTRODUCTION AND OBJECTIVES 
Vectorcardiography is a measurement of the direction, 
magnitude and orientation of the mean instantaneous voltage 
distributions of the heart. Atrial depolarization, ventric-
ular depolarization and ventricular repolarization are each 
represented by a single loop, the P loop, QRS loop and T 
loop respectively . These are the loci of the tips of the 
positive ends of the infinite number of instantaneous 
vectors, and are based upon the concept that the heart is a 
single, fixed equivalent dipole. 
Vectorcardiography's acceptance and availability in 
clinical medicine has been retarded by expense of equipment , 
operation time required, lack of a standard lead system and 
unfamiliar biophysical theory. It has the advantage of 
accurately representing the complete electrical activity of 
the heart by recording deflections in the three major body 
planes from orthogonal leads. Vectorcardiography is useful 
in understanding and teaching the sequence of events in the 
cardiac cycle , in anticipating qualitatively the appearance 
of any scalar lead and in providing valuable diagnostic 
information . 
I 
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Various lead systems and abnormal vectorcardiographic 
deflections caused by acquired or congenital cardiac abnor-
mality in the canine have been described qualitatively. 
Experimentally produced cardiac lesions have been created 
in dogs as a means of studying cardiovascular disease in 
man. In some cases, vectorcardiography has been used to 
monitor the effects of the lesions. However, these reports 
and investigations have preceded the establishment of normal 
canine quantitative criteria for a corrected orthogonal lead 
system. 
The purpose of this investigation was to quantita-
tively and qualitatively describe the normal vectorcardiogram 
of the canine as recorded from corrected orthogonal leads 
specifically developed for the dog. The significance of 
the difference between individuals was statistically analyzed. 
Day-to-day variation in the placement of electrodes and 
shifts in the equivalent dipole generator within serial 
recordings of the same dog were investigated. Variations of 
vectors' orientation and magnitude between sex were analyzed. 
Finally, thoracic ratios were correlated with the orienta-
tion and magnitude of selected instantaneous vectors. 
3 
LITERATURE EVALUATION 
Evolution of Vectorcardiography 
In 1889 Waller(l09 ) established the theory of the 
cardiac generator acting as a single fixed dipole by imrner-
sing limbs of various species in salt solution to measure 
the electrical activity of the heart. He assumed that the 
spread of equipotentials radiated from the dipole in a 
uniform manner as waves in a pool of water . Einthoven(
33
> 
in 1903 introduced the more sensitive string galvanometer 
and developed three standard limb leads for the frontal 
plane. Subsequently in 1913 Einthoven et al. ( 34 > published 
their classical method of the determination of the "mani-
fest value" of the heart which is now referred to as the 
mean electrical axis in the frontal plane. This provided 
only a two-dimensional concept of the loop of instantaneous 
vectors and was still based upon the supposition that equi-
potential lines radiated uniformly from a single fixed 
equivalent dipole, although they had observed that analogous 
peaks did not occur in phase. 
M 
(71) 
ann was the first to construct vector loop figures 
by manually combining two of the standard leads into a 
4 
single curve and called them monocardiograms. Savjaloff (
92
) 
later placed several electrodes at various points on the 
body and obtained the first vectorcardiogram (VCG) in the 
transverse plane , which enabled him to visualize the constantly 
changing cardiac potentials in three dimensions. In 1931 
(72) 
Mann plotted the VCG of the frontal plane from standard 
leads I , II and III and stated that the VCG can be useful in 
diagnosis of left bundle-branch block and right bundle-
branch block. By 1938 Mann( 73 ) had devised a special three-
coil galvanometer, which integrated the standard leads into 
one tracing , and described examples of right ventricular 
hypertrophy , left ventricular hypertrophy, ventricular 
conduction defects , right bundle-branch block, left bundle-
branch block, experimental coronary artery ligation and 
extrasystoles. His three-coil galvanometer was quickly 
outmoded by the oscilloscope. First use of the oscilloscope 
in electrical cardiac monitoring was done in 1936 by 
(94) 
Schellong , who used the term vectordiagram. Additional 
work was done by Hol l mann and Hollmann( 62 ), who called the 
loops a triogramm. Wilson and Johnston(l09 ) also monitored 
the planar electrical activity of the heart with the aid of 
the oscilloscope and were the first to suggest the more 
5 
descriptive term vectorcardiogram. 
· 1 (19 , 20, 21) h t' 11 Burger and van Mi aan mat ema ica y 
proved, using torso models, that the activity of the heart 
can be represented as a single instantaneous vector if the 
electrodes are at a sufficient distance from the heart . 
Realizing that the spread of surface voltage distributions 
does not radiate in a uniform manner because of variations 
in tissue resistivity, body contour and anatomic position 
of the heart, they attempted to find coefficients which 
would correct Einthoven's( 33) frontal plane triangle . 
. (19 20 21) 
Burger and van Mi la an ' ' 11 lead vector 11 
concept stimulated numerous investigations on the development 
of new lead systems for the production of a more representa-
tive vectorcardiogram. Schellong( 94) was the first to 
abandon the equilateral triangle in favor of the orthogonal 
placement of bipolar leads , but his electrodes were too 
near the dipole and resulted in a distorted image. Wilson 
et al. ( 110) . suggested replacing the Einthoven triangle with 
a tetrahedral arrangement of the electrodes . Although it 
was a convenient method, it was not truly orthogonal. 
Duchosal and Sul~er( 32 ) produced a double cube VCG lead 
system modification of Sche llong's( 94 ) technique by placing 
6 
the electrodes more distally . However , the vertical component 
was twice the distance of the horizontal and depth components . 
In 1952 Grishman and Scherlis( 46 ) described a cube A, B, C 
lead system which was based on convenient anatomical and 
geometric locations as equidistant from the dipole center 
of the heart (E) as possible, but since the Z lead was 
fifteen percent shorter or closer to E , a compressed loop 
resulted. 
Vectorcardiographers continued to search for an ideal 
lead system which would produce more representative loops. 
Grishman and Scherlis <
46
) were aware that the dipole center 
could not be determined in a particular subject , although 
the results of the lead system depended heavily upon the 
position of the electrodes in relation to E, the isoelectric 
point. Frank( 42 ) and Schaffer< 93 ) proved the inadequacy of 
a geometric lead system on artificial torso models by demon-
strating the effects of the varied and high resistance of 
the lungs, liver and vertebral column, plus the distortion 
caused by irregular body surfaces and environmental factors. 
Subsequently, orthogonal leads and resolvers were 
incorporated into lead systems to correct the distortions . 
McFee and Johnston( 76 ' 77 ' 78), following Burger and van 
7 
. (19 20 21) Milaan' s ' ' example of the "lead vector" concept , 
derived their corrected "lead field" theory in 1953 and 
1954. They found that by recording a lead with a network 
of electrodes , rather than only two electrodes, the error 
caused by multiple dipoles or shifts in a single dipole 
could be significantly minimized. Schmitt and Simonson( 97 > 
described a "stereovectorelectrocardiographic" corrected 
lead system (SVEC III) in 1955, consisting of fourteen 
electrodes. This system has proven to be an accurate and 
1 d 1 d 1 ( 56) d d . . d common y use ea . He m attempte to evise an improve 
Z lead which incorporated a large square stainless steel 
foil electrode. Later he experimented with multiple sponge 
( 55) 
e lectrodes . ld 1 (87) . . h Reyno s et ~- , trying to improve t e 
"field" approach , advocated thin, flexible metal plates on 
sponge rubber sheets with as many as sixty-three electrodes 
. t d . 1 d F k( 39) d 1 d incorpora e in one ea . ran eve ope a seven-
electrode corrected lead system for man in 1956 which was 
both simple to use and relatively accurate. It has attained 
widespread, but not exclusj ve , · acceptance in recent years. 
The latest lead system to attain any widespread use 
was designed by McFee and Parungao( 79 > in 1961. This 
"axial" lead system was proclaimed to achieve an optimum 
8 
balance between accuracy and simplicity. Based upon the 
"lead field" theory, the placement of the ~lectrodes was 
less critical than Frank ' s( 39 > lead system, yet was not as 
h hm
. d . (97) complex as t e Sc itt an Simonson system. 
By 1954 vectorcardiography had become so well accepted 
that the Committee on Electrocardiography of the American 
. . (l) . d d d' t Heart Association trie to stan ar ize erms , leads 
and specifications for instrumentation in vectorcardiog-
raphy. . . d b 1 (
57 ) These recommendations were improve y He m 
in 1956 and adopted by most vectorcardiographers. Conse-
• • 1 I (57) quently, when the Committee was reformed in 1967, Hems 
vectorcardiographic notations were incorporated into its 
latest recommendations( 2 ). 
Despite the efforts of the American Heart Association 
to alleviate the confusion concerning the selection of a 
universal lead system, new lead systems or modifications of 
older systems continued to appear in the literature and to 
attract brief attention. Investigators published normal 
values for various quantitative criteria using their 
preferred lead systems . Since no uniform opinion as to the 
(16 
ideal lead system could be agreed upon, Burger et al. ' 
17 • lS) tt t d t 1 f 1 a emp e o convert va ues rom one ead system to 
9 
another by determining the correct mathematical coefficients, 
but were unsuccessful. Brody and Arzbaecher(ll} and Horan 
et al. (66 • 67 ) also failed to arrive at a transformation 
equation with the aid of digital computers. Unable to 
agree upon a universal lead system and unsuccessful in 
mathematically transposing criteria, investigators proceeded 
to comparatively evaluate the relative values of the current 
lead systems. 
Comparison of Lead Systems 
Comparison studies followed the introduction of each 
new lead system. Since corrected systems utilized orthogonal 
axes with equal lead sensitivities, it was soon apparent 
they would be more consistent and produce more representa-
tive vector loops than the older, noncorrected systems. 
( 11} . 
Brody and Arzbaecher reviewed the lead systems of 
Schmitt and Simonson< 97 >, McFee and Parungao< 79 >, Frank< 39 >, 
Grishman and Scherlis(46 }, Wilson et al. (llO} and McFee and 
Johnston( 76 ' 77 • 78 ) Although all systems had a twenty 
percent error in the usable information, the McFee and 
P <
79 > 1 - h d h 1 . . . arungao eao a t e owest individual error. 
(79) 
The McFee and Parungao lead system z axis was 
10 
. (97) (39) 
compared with Schmitt and Simonson's and Frank's 
by Fischmann and Elliot( 3B) in 1964. Both the Frank( 39 ) 
(79) . and McFee and Parungao z axis leads were inferior to a 
simple bipolar lead in uniformity and orthogonality. The 
hm . d . ( 
97 ) 1 . 1 . f Sc itt an Simonson system was re ative y uni orm . 
. ( 37) 
Fischmann compared the transverse (X) and vertical 
(Y) lead components of the same systems. It was found 
(79) 
that the McFee and Parungao system produced results 
with low standard deviations . It was the only corrected 
lead system in the investigation which was originally 
based on torso model studies and data from living subjects. 
Duchosal (3 l), a pioneer in vectorcardiography , adopted the 
use of the McFee and Parungao< 79 ) system in 1963, being 
convinced of its greater reliability in routine clinical 
(39) use as compared to Frank's system . 
( 43) . 
In 1966 Gamboa influenced by the work of Brody 
d b h (ll) . . d h 1. b · 1 · f h an Arz aec er , investigate t e app ica i ity o t e 
( 79) . 
McFee and Parungao system in children . It was demon-
strated to be clinically orthogonal and uniform with insig-
nificant distortions resulting f rom the size of the subject. 
Normal Human Vectorcardiograms 
Confusion existed not only concerning the selection of 
11 
the best lead system, but also concerning differences of 
opinions on how to evaluate the vectorcardiograms . Despite 
the lack of a standard lead system, normal values began to 
be established as soon as vectorcardiography attained wide 
usage in the early 1950's. At first only qualitative descrip-
tions of the vector loop were reported. 
However, it soon became evident that quantitative 
values would be necessa~y for accurate diagnosis and 
computer analysis, 
. (99) 
In 1954 Simonson and Keyes surveyed 
178 normal men and calculated the three-dimensional or polar 
vector, a process which proved to be tedious and difficult 
to evaluate clinically. Seiden( 98 ) attempted quantitative 
evaluation of normal loops obtained by Frank's< 39 ) lead 
in 1957 by measuring the greatest diameter within the loop, 
its greatest perpendicular width-to- l ength measurement 
and three width-to- length ratios. 
. (84) 
P1pberger evaluated 
. ( 97) 
several methods of data analysis for Schmitt and S1monson's 
lead VCG. Maximum vector magnitude and orientation ranges 
were nearly half those obtained by conventional electro-
cardiogram leads. Length-to-width ratios and 0.01, 0.02 , 
0.03 and 0 . 04 second QRS interval vectors were also oriented 
and measured. 
12 
. (10) . (98) 
Bristow expanded upon Seiden's investigation 
of Frank's( 39 ) lead VCG in normal humans in 1961. Maximum 
vectors were oriented, but were not measured in magnitude . 
. (8 3) 
Half-area vectors were plotted by Pipberger's method 
of planimetry. This measurement resulted in a lower range 
of distribution in the horizontal and sagittal planes. 
Frontal plane loops were usually narrow, and half-area 
vectors were assumed to be the same as maximum vectors. 
Percentages of the loops' areas in each Cartesian quadrant 
of the three planes were analyzed . 
With the assistance of digital computers, Draper 
1 (30) . . 1 1 d (39) d et~- quantitati ve y eva uate Frank's lea system 
in 510 normal men. Their criteria included the measurement 
of maximum vectors , the amplitude and direction of all 
0 . 01 sec. vectors of the QRS loop, the equal one- eighth 
division vectors and the polar vectors. 
Clinically the most practical methods of evaluation 
appear to be qualitative , such as direction of inscription 
of the loop and configuration of the total loop. Quantitative 
values are advantageous in subclinical electrocardiographic 
phenomena and computer programming . Maximum vectors and 
half- area vectors are well accepted criteria which can be 
13 
v isually estimated within five degrees. 
Clinical Application 
In most clinical instances, the planar vector loops 
and their scalar X , Y and Z components contain more 
diagnostic information of the complete electrical activity 
of the heart than does the standard human twelve-lead 
e lectrocardiogram (ECG) or the standard canine ten-lead 
(81, 100, 111) 
ECG . Planar vector loops measured from 
corrected orthogonal leads accurately approximate an infinite 
number of instantaneous vectors from which deflections in 
. b d' t d(85 , 95 , 104) any axis may e pre ic e . Scalar electro-
cardiograms are measurements of positive and negative 
deflections in only a single axis . 
( 12) . 
Burch pointed ou t 
in 1952 that the vector loop contained more detail on one 
cardiac cycle than did the ECG, particularly if the oscil-
loscope beam was pulsated to segment the sweep of the vector 
loop . Pipberger(
82
) stated that the VCG had numerous advan-
tages, such as reduction of data for computers , dec reased 
range of normal values a nd the lack of the ~ecessity to 
switch leads . Sca lar X, Y and Z recordings can be useful 
for determination of arrhythmias , ectopic beats, intervals 
14 
and segments. 
Because of the high incidence of myocardial infarction 
in humans, it may be necessary to supplement the VCG with 
unipolar precordial l eads. The most efficient measure-
ments of the electrical activity of a particular portion of 
the myocardium are deflections recorded between a single 
positive exploring electrode and a central terminal with 
the area of injury immediately beneath the exploring elec-
trode . Since six unipolar precordial leads are routinely 
included in standard electrocardiograms of man, the diagnostic 
accuracy of the VCG in the detection of anterior and left 
(69) 
myocardial infarction has been inferior to the ECG . 
Vectorcardiography has been accepted by most cardi-
ologists as a useful diagnostic tool , if not superior to 
the ECG(lOO). Benchimol and Lucena()) h ave demonstrated the 
correlation of changes in t h e VCG of children with congenital 
heart defects and their associated hemodynamic alterations. 
The VCG , therefore , can serve as a noninvasive screening 
(86) 
procedure to determine the working capacity of the heart . 
More specifically , the VCG can detect with acceptable 
accuracy the s ystolic gradient across the pulmonary valve 
in pulmonary stenosis( 3 ). Vectorcardiographic investigations 
15 
have established its value and s e nsitivity in the detection 
(13 , 51 , 52 , 86) 1 d of congenital heart defects ; comp ete an 
(44, 80 , 
incomplete , right and left bundle- branch blocks 
91, 96) . h . 1 h h (2 7, 75 , left and rig t ventricu ar ypertrop y 
88 , 106 , 107) . . f . d t · d ' 1 ; superior , in erior an pos erior myocar ia 
. f t' (15 , 60 , 6 1, 90, 105) d w lff p k' in arc ions an o - ar inson~ 
. (14 22) 
White's syndrome ' . 
Vectorcardiography in the Canine 
Following human and torso model vectorcardiographic 
investigations of the early 1950's , publications began to 
appear on canine vectorcardiography . This was a logical 
sequela , since the dog is frequently used as an experi-
mental model in cardiovascular research. 
Normal vectorcardiographic loops in the dog were 
first describ ed by Hamlin and Hellerstein( 50) in 1956 
and by Horan et al. (64 )in 1957. Both teams of investi-
gators recorded the loops with Wilson ' s(llO) lead system , 
and the dogs were anesthetized with pen tobarbital sodium. 
Hamlin a n d Hel l erstein( 50) recorded the dogs in right 
lateral recumbenc? , while Horan et al . (64 ) used the supine 
position. Hamlin and He llerst ein's( 50) r esults were 
• 
16 
(64) 
evaluated more quantitatively than Horan et al. 's . 
The three major vectors of the QRS loop were measured in 
magnitude and oriented in each plane. Width-depth ratios 
were calculated, and the progression of the sweep of the 
instantaneous QRS vectors described . A similar report of 
the same investigation was published in 1960 by Hellerstein 
and Hamll..n(
54). H t 1 (64 ) 1 t d th . oran ~ .§!__. on y repor e e orien-
tation of the maximum mean instantaneous vectors and a 
description of the QRS loop. 
The first corrected lead study in normal dogs was by 
Cook(
25
) in 1966. He conducted a study of Frank's( 39 > lead 
system in normal , anesthetized dogs . Maximum vectors and 
half-area vectors were oriented and measured in magnitude. 
. 1 (5) b . fl d h 1 Boineau et .§!__. rie y demonstrate t e norma VCG 
( 79) 
in the dog, recorded with the McFee and Parungao leads. 
' 11( 59) t d • ·1 I 1 (110) Hi repor e using Wi son s et .§!__. and McFee 
and Parungao's( 79 > lead systems. The McFee and Parungao( 79> 
system was least affected by changes in foreleg positioning 
of dogs which were anesthetized and recorded in right lateral 
recumbency. 
Since 1970 two reports of the normal canine VCG have 
contributed much to veterinary cardiology. Ettinger and 
17 
Suter( 36 ) empirically described the QRS loop in normal 
( 79) 
dogs using the McFee and Parungao lead system in 1970, 
(9) 
and Bojrab et al. reported in 1971 the normal, unanes-
. (39) 
thetized canine VCG as obtained by the Frank lead 
system. Bojrab et al. (9 ) tabulated data and performed 
statistical evaluation on maximum and half- area vectors 
of the QRS loops from fifteen dogs in supine position 
recorded on three consecutive days. 
Var ious reports of alterations in the VCG of experi-
mental , congenital and acquired cardiac abnormality in 
the dog have been published. Wilson's et al. (llO) lead 
system has been utilized to investigate the changes in the 
VCG caused by experimental occlusion of the left circumflex 
(53, 65) . h . d . f h coronary artery , isc emia an necrosis o t e 
. (63 , 65) (6) b 1 myocardium , premature systoles and und e-
(4) (23) . 
branch blocks . Clark et al. derived a planar VCG 
of a congenital imperforate septal defect in a dog from 
simultaneous leads 
77 , 78) 
system was 
(76, 
I, aVF and v10 . The McFee and Johnston 
. l' d b 1 ( 68 ) d uti ize y Horan et ~· to stu y 
the relationship between the position of the interventricular 
septum and the orientation of the VCG. Grishman and 
Scherlis' (
46
) lead has been used to investigate bundle-branch 
18 
(28, 101) 1 . (24) block and coronary artery occ usion . Frank's 
(39) 
lead system has also been utilized in experimental bundle-
branch block(lOl). Qualitative descriptions on the altera-
( 79) 
tion of the VCG recorded by the McFee and Parungao 
lead system have been reported in cases of ventricular 
hypertrophy(S, 36), congenital peritoneopericardial 
. (8) . (7, 36) 
diaphragmatic hernia , bundle-branch blocks , 
. (36) (36) 
patent ductus arteriosus , tetralogy of Fallot 
d . d. h. d. h ( 
36 ) an i iopat ic car iomyopat y . 
A universal lead system does not exist in canine 
vectorcardiography . Ideally, the system of choice would 
be specifically designed for the canine thorax and would be 
a corrected orthogonal lead system as recommended by the 
1967 Committee on Electrocardiography of the American 
H t A . t' (
2 ) h d ( 79 > 1 d ear ssocia ion . T e McFee an Parungao ea 
system is the only one which fulfills both requirements. 
Even though many pathological cardiac conditions have been 
recorded with this lead in dogs, normal quantitative 
ranges of selected instantaneous vectors must be established 
and evaluated in order that more efficient analysis can be 
performed, either manually or by digital computers. This 
was the purpose of this investigation. 
19 
MATERIALS AND METHODS 
Selection of Subjects and Recording Method 
Forty dogs of various breeds from clinical studies 
and research colonies at Iowa State University, College 
of Veterinary Medicine, were used for this investigation. 
Their body weights ranged from 6.4 to 32.2 kilograms, and 
their ages were estimated to be from 8 months to 5 years . 
Both males and females were included in the study (Table 1) . 
The acceptance of any subject as representative of the 
normal population was dependent on determination of clinical 
cardiovascular normalcy. This was accomplished by physical 
examination including general condition and attitude, 
cardiac and pulmonary auscultation, pulse character and rate, 
rectal temperature, packed cell volume and direct blood 
smear for Dirofilaria irnrnitis. Radiographs of the thorax in 
the dorso-ventral and right lateral recurnbency positions at 
peak inspiration were taken using a film-tube distance of 
76 centimeters (cm.). Evaluation was based on selected 
criteria for enlargement of the silhouette of the cardiac 
(36 47 49 103) chambers and/or pulmonary vasculature ' ' ' 
Standard scalar lead electrocardiograms were taken using 
leads I, II, III, aVR , aVL, aVF and v
10 
with the subject 
20 
in right lateral recumbency. The foreleg~ and hindlegs 
were positioned at right angles to the lon3 axis of the 
body and separated by the person who restrained the dog 
so that the limbs were not in contact. Electrocardiograms 
were examined for arrhythmia, conduction disturbance and 
abnormal voltage potential. Records were made of the rate 
and rhythm of the heart's electrical activity, along with 
the duration , form, amplitude and spacing of the bioelectric 
potentials . The direction of the mean e lectrical axis of 
the QRS complex was determined for the frontal plane using 
the algebraic sum of leads I and III. Criteria for the 
. . (29, 36, 48, 
normal ECG in the canine have been established 
58, 70) 
Eleven of the dogs initially chosen failed to 
meet the standards mentioned above (Table 1) . 
Vectorcardiograms were created using the McFee and 
Parungao< 79 ) lead system for dogs. Each dog was brought 
into a quiet room and placed on an insulated table in sternal 
recumbency. Chemical restraint was not used. An assistant 
gently restrained the dog when necessary. Eleven platinum 
alloy electrodes were placed subcutaneously, with little 
resistance from most dogs. One of the two electrodes 
constituting the negative pole of the X lead was placed at 
21 
the level of the costochondral junction in the fifth 
intercostal space, and the other approximately 3 cm. 
craniad to the first. The two electrodes, which constituted 
the positive X pole, were placed on the left side in an 
analogous position . The negative electrode on the Y lead 
was placed on the left side of the neck immediately craniad 
to the point of the shoulder. The positive Y pole was 
placed posterior to the stifle on the lateral side of the 
left hindleg. The negative Z pole consisted of three 
electrodes, two of which were placed at the sternal junction 
of the seventh rib, and the third placed cranially in the 
middle of the sternum. The latter was placed at a distance 
sufficient to create an equilateral triangle centered 
immediately ventral to the center of the heart. This 
resulted in a triangle with a center approximately 3 cm. 
from each of the vertices, depending on the width of the 
sternum. The positive Z electrode was placed at the v
10 
position or dorsal to the spine of the seventh thoracic 
vertebra. The right hindleg was grounded (Figure 1). 
Storage and Reproduction of the QRS Loop 
The potentials of the electrodes were averaged when 
22 
indicated, using precision resistors (+l percent) . The 
three differential inputs were amplified by a physiological 
recorder (Beckman Dynograph R411
1
) . The physiological 
recorder recorded the three (X, Y and Z) leads of electro-
physiologic data on curvilinear chart paper and simulta-
(35) 
neously fed an output into a magnetic tape recorder 
2 
(Honeywell 5600 ) . The physiological recorder output to 
the magnetic tape recorder was calibrated so that 1.414 
volts would equal 2.5 millivolts (mv.) input. Calibrations 
and voice identification were recorded prior to each 
recording for the three orthogonal leads at a tape speed 
of 1 7/8 inches per second (i.p.s.). The three channels 
of electrophysiological data were then recorded at 60 
i.p .s. Each recording required approximately 100 feet of 
magnetic tape. The recordings were replayed at a later 
date at 1 7/ 8 i.p.s. utilizing a low-pass filter (Krohn-
1
Beckmann Instruments, Schiller Park , Illinois. 
2 
Honeywell, Chicago, Illinois. 
23 
Hite 3202 1 ) set at a break frequency of 50 cycles per 
second and observed on a dual beam oscilloscope (Tektronix 
Type 502 2 ) to select a representative loop. After selec-
tion of a representative vector loop with a high signal- to-
noise ratio, it was plotted by means of an X-Y recorder 
3 
(Hewlett-Packard 7004b ) which was calibrated for 2 cm. / mv. 
Footage was noted on the magnetic tape corresponding to the 
loop selected so that all three planes of VCG were recorded 
utilizing the same cardiac cycle (Figure 2). X (side-to-
side, positive to the right) and Y (head-to-tail , positive 
down) lead channels were connected to the X-Y plotter and 
recorded simultaneously to produce the frontal plane loop 
(XY) . X and Z (dorsurn-to-sternurn, positive up) lead channels 
p layed simultaneously produced the transverse plane loop (XZ). 
Y (positive to the right) and Z produced the VCG in the left 
sagittal plane (XZ) as viewed with the subject in quadruped 
1 h . . Kro n-Hite , Cambridge, Massachusets . 
2
Tektronix Inc ., Portland, Oregon . 
3 
Hewlett Packard , St. Paul, Minnesota. 
24 
pos ition (Figures 3 and 5-7). 
Evaluation of the QRS Loop 
The first fifteen dogs were used to investigate the 
variation in serial recordings from the same dog. Each 
dog was recorded on three consecutive days (Tables 2 and 4) . 
The second group of fourteen dogs in combination with the 
first group's day 1 recordings was used to investigate 
variation caused by difference in individuals, sex and 
thoracic conformation (Tables 3 and 5) . Thoracic conforma-
tion was categorized by width-depth ratios as derived from 
dorso-ventral and right lateral recumbency radiographs. 
Width of the thorax was measured in centimeters between the 
internal surfaces at the greatest curvature of the sixth 
rib. Depth was measured from the mid-ventral surface of 
the sixth thoracic vertebra to the mid-dorsal surface of 
the sixth sternebra (Table 1) . X, Y and Z scalar component 
recordings we re analyzed for amplitude, polarity, duration 
and rhythmicity (Figure 4). Vectorcardiograms were produced 
from the magnetic tape to form a single P , QRS and T 
deflection from ~ach recording in the three major body 
planes , i . e. frontal , transverse and left sagittal (Figure 3). 
The vector loops were then measured by the angular scale 
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reference system recommended by the 1967 Committee on 
Standardization in Electrocardiography of the American 
Heart Association( 2). Magnitude and angle of the maximum 
QRS vector in each plane and the half-area QRS vectors in 
the transverse and left sagittal plane were measured . The 
maximum vectors were determined by a geometric compass· with 
the isoelectric (E) point of origin as the center of the 
circle. Half·-area vectors were estimated visually , then 
f . db 1 . (9, 83) con irme y p animetry . Direction of inscription 
was also recorded (Tables 6 and 7 ). This resulted in a 
total of fifty-nine recordings, from which one hundred 
seventy-seven QRS loops from twenty-nine normal dogs were 
evaluated . 
The data were collected, grouped and coded for computer 
analysis. Descriptive analysis, analysis of variance, 
t tests and correlation coefficients were done by the Iowa 
State University Computation Center. 
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RESULTS 
Magnitude and Orientation of Vectors 
Tabulated data for the magnitude and orientation of 
maximum and half-area vectors are given (Tables 1-5) . 
Recordings from the first day's vectorcardiograms taken 
from fifteen dogs and the single recordings from fourteen 
dogs were combined and described as a group of twenty-nine 
separate dogs. Typical planar and scalar recordings are 
p resented (Figures 3 and 4) . Each plane is described 
separately. 
Frontal plane QRS loops were measured ' only for 
magnitude and orientation of the maximum vector as drawn 
from point E to the positive end of the maximum instantaneous 
vector. Half-area loops were assumed to be similar and were 
not calculated since most frontal plane QRS loops are very 
narrow. Magnitudes of maximum vectors ranged from 1.45 to 
5.15 mv. with a mean of 2.85 mv. and a standard deviation of 
0.80 mv. Orientations of maximum vectors ranged from +8 to 
+100 degrees. The mean was +42 degrees, and the standard 
deviation was 19 degrees. 
Transverse plane QRS loops were evaluated quantita-
tively by measurement and orientation of the maximum and 
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half-area vectors . Maximum vectors were between 1 . 30 and 
4.85 mv. in magnitude and -108 and +95 degrees in orienta-
tion. The mean magnitude and orientation of maximum vectors 
was 3.00 mv. and - 55 degrees , respectively . Standard 
deviation for the magnitudes of the maximum vectors was 
0.90 mv. and their orientations had a standard deviation 
of 43 degrees . Half-area vectors were between 1.20 to 
4.60 rnv. in magnitude , with a mean of 2.74 mv . and a 0.90 
mv. standard deviation. Orientations of the half-area 
vectors ranged from - 99 to +48 degrees. The mean orienta-
tion was - 36 degrees , and the standard deviation was 30 
degrees . 
Maximum and half-area vectors were also measured in 
the left sagittal plane. The magn itudes of the maximum 
vectors were between 1 . 80 and 4 . 75 mv . The mean of the 
maximum vectors was 3 . 10 mv . , and the standard deviation 
was 0.80 mv . Orientations of the maximum vectors were from 
+17 to +162 degrees , with a mean of +135 degrees and a stan-
dard deviation of 41 degrees. Half-area vectors had a range 
o f 1 . 00 to 4 75 mv . in magnitude. The mean of the half-area 
v e ctors' magnitudes was 2.35 mv., and the standard devia-
tion was 0.95 mv. Half-area vectors were oriented from +59 
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to +152 degrees . The half-area vectors' mean orientation 
was +117 degrees, and the standard deviation was 26 degrees. 
Statistical Analysis 
Statistical analysis was used to aid in the determina-
tion of significant differences in the three planes among 
the magnitudes and orientations of various individuals, 
serial recordings, thoracic ratios, and sex. 
Results of the analysis of variance among dogs and among 
recording days are given (Tables 8-10). Significant differ-
ence at the 0.01 level existed among dogs in every p lane, in 
magnitude and orientation of both selected instantaneous 
vectors. Significant difference at the 0.05 level among 
days occurred in only the left sagittal plane half- area 
orientation . There was no significant difference in any 
plane 's magnitudes or orientations between sex. 
Correlations between the thoracic ratios and the magni-
tudes and orientations of each of the three planes were 
investigated . Correlations were significant at the 0.03 
level with the frontal plane maximum orientation, at the 
0.007 level with the transverse plane maximum orientation, 
and at the 0.011 level with the transverse plane half- area 
orientation. 
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DISCUSSION 
The McFee and Parungao (79) vectorcardiographic lead 
system has been used on normal dogs by Boineau et al. (5 ), 
Hill('S.9 )and Ettinger and Suter( 36). Hill< 59 > was the only 
investigator to report quantitative values for selected 
instantaneous vectors. The purpose of his study was to 
present the significance of foreleg positioning during 
recordings of the ECG and VCG. Criteria used to evaluate 
the significance included direction of inscription, orienta-
tion of maximum QRS vectors and length-to-width loop ratios. 
Five anesthetized dogs were recorded in right lateral recum-
bency with the forelegs in three different positions . QRS 
loops were viewed in the frontal plane from the ventral 
aspect, in the transverse plane from the cranial aspect 
and in the left sagittal plane from a subject in quadruped 
position. 
' 11' <59 > . . f . d Hi s orientation o maximum vectors was measure 
from +X as 0 degrees in the frontal plane, +X as 0 degrees 
in the transverse plane and +Y as 0 degrees in the left 
sagittal plane . The range of possible orientations was 
from 0 to +180 degrees in each of the three planes. The 
range of orientations in five dogs recorded in three foreleg 
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positions was +5 to +120 degrees in the frontal plane, 
-54 to +121 degrees in the transverse plane and - 94 to 
+75 degrees in the left sagittal plane. 
The orientation ranges reported by Hil1( 59) were 
compared with data in the present investigation. In the 
frontal plane Hill( 59 ) had a range of 115 degrees, whereas 
the twenty-nine dogs in this study had a range of 92 
degrees. Transverse plane orientations were within a 181 
degree range in the Hill( 59 > study and within a 203 degree 
range in this investigation. Orientations of left sagittal 
maximum vectors in the Hill( 59) study were within 169 
degrees , compared with a 179 degree range in the present 
study . Determination of the degree orientation in this 
study was based upon recommendations of the 1967 Committee 
on Standardization in Electrocardiography of the American 
Heart Association( 2), with +z as O degrees. Therefore, 
range of orientations in the left sagittal plane was 90 
degrees out of phase compared with the Hill( 59 ) selection 
of +Y as 0 degrees. 
In the present investigation inscription of the frontal 
plane vectorcardiograms of ten varied in direction between 
dogs and within several recordings of the same subject 
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(Tables 6 and 7) . Fifteen of the vectors we re inscrib e d in 
figure- 8 configuration. Eleve n were inscribed clockwise, 
and thirty- four were inscribed counte rclo ckwise. Di r ection 
of inscription changed within at least one of the recordings 
in seven o f the fifteen dogs r e corded on three consecutive 
days . Of fifty-nine transverse plane recordings, clockwise 
i nscription patterns were observed only in dog #33. Dog 
#19 produced three consecutive figure-8 patterns in the 
left sagittal plane . All other transverse plane and left 
sagittal plane inscriptions were counte rclockwise. 
Hill <
59
) reported on the direction of inscription i n 
. . h (79) d vectorcardiograms using t e McFee and Parungao lea . 
Fifteen frontal plane QRS loops from five dog s in three 
different foreleg positions resulted in clockwise inscrip-
tions in two loops , figure-8 inscript ion s in three loops 
and counterclockwise inscription in ten loops . Three 
tran sverse plane QRS loops were inscribed in a figure - 8 
pattern, and twelve were counterclockwise . All sagittal 
QRS loops were inscribed in a counterclockwise direction. 
In general the initial directi on of the progression of 
the QRS loops was ventrad , caudad and to the left of point 
E. The vectors gra dually changed to a dorsal direction , 
32 
then dextrad and craniad. Most P loops were usually too 
small to measure accurately , since the largest loop's 
maximum vector magnitude was less than 0.35 mv . in any 
p lane . It was usually directed caudally and left o f the 
midline in the frontal plane , left and dorsal or ventrad 
i n t he transverse plane and dorsal or ventrad and caudad 
i n t he left sagittal plane. The largest T loop had a 
maximum v ector of 1 . 3 mv . Its orientation in the frontal 
p lane was caudad and either right or left. Left 
sagittal plane T loops were ventrad and caudad. Ettinger 
a nd Suter( 36 ) have described similar progression of the 
i nstantaneous vectors . 
Variations between subjects were statistically signifi-
cant at the 0 . 01 level for both magnitude and orientation 
i n all three planes. Possible contributing factors 
i nclude altered ventr icular depolarization pathways, confor-
mation, sex, environment , placement of electrodes, positioning 
o f the subject's body, age, position of the heart within 
the thorax , packed cell volume and tissue resistance( 26 • 
40, 41, 45, 48 , 89) Environment during the recordings 
and placement of t he eleetrodes were standardized as much 
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as possible during the present study. Positioning of the 
subject's body during recordings was standardized within 
the limits of tolerance in unanesthetized dogs. Age 
differences were minimized by limiting the selection of 
subjects to an eight- month to five- year range. Effect of 
packed cell volume was limited by selection of dogs whose 
packed cell volume was between 37 and 50 percent . Position 
of the heart within the thorax , tissue resistance and 
ventricular depolarization pathways were uncontrolled 
variables. 
. . (26 , 40 , 41 , 45 , 48) . 
Several investigators have described 
the effect of conformation on the ECG and the VCG, especially 
the effect of thoracic shape . 
. ( 45) 
Gonin has reported that 
the mean electric axis in the frontal plane is usually more 
ventral and constant in narrow-chested dogs , such as collies, 
French poodles , and German sheph erds . Broad-chested dogs , 
such as cocker spaniels and boxers, were reported to have 
horizontal and more variable axes . Having a vertical 
axis, the broad- chested dachshund appeared to be an excep-
tion. I n this study correlation coefficients were calculated 
between thoracic ratio and the magnitudes and orientations 
of the maximum and half- area vectors for each plane. 
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Correlation of the thoracic ratio and the frontal plane 
maximum orientation was significant at the 0.03 level. 
Thoracic ratio and transverse plane maximum orientation 
and half-area orientation were significant at the 0.007 
level and 0 . 011 level, respectively. 
( 74) 
McCall et al. (102) and Sotobata et al. have re-
p orted significant differences between vectorcardiograms 
from human males and females. Crawley and Swenson (26 ) 
did not find any differences between electrocardiograms 
from canine males and females . There were no signifi-
cant differences in the present study between male and 
fema le magnitudes and orientations of either maximum or 
half-area vectors in any plane , as determined by the t test. 
Shifts in the dipole and variations in placement of 
electrodes could produce variation in serial vectorcar-
diograms within the same individual. However, analysis 
of variance among days on magnitudes and orientations 
of maximum and half-area vectors in the three planes was 
not significant except at the 0.05 level in the left 
sagittal half-area orientations in this investigation. 
The relative superiority of maximum and half-area 
vectors as quantitative criteria is dependent upon the 
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configuration of the QRS loop. Loops which are round or 
have nearly equal initial , middle and/or terminal vectors 
are more susceptible to variation in orientation of max-
imum vectors. Narrow loops need to vary little to cause 
a large, visually detectable change in orientations and 
magnitudes of half-area vectors. However, half-area 
vectors had a lower range and standard deviation in the 
t ransverse and left sagittal planes. Therefore, excluding 
very narrow loops, the half-area vector would be a better 
criterion for evaluation of the loops . 
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SUMMARY AND CONCLUSIONS 
The McFee and Parungao< 79 ) corrected lead system vector-
cardiogram in twenty-nine dogs was described qualitatively, 
a nd selected instantaneous vectors were described quantita-
tively. Planar vectorcardiograms were produced and eval-
uated in the three major body planes. 
Statistically significant differences existed among 
dogs i n magnitudes and orientations of maximum and half-
a r e a vectors for the three planes. Statistically signif-
icant differences among recordings from fifteen dogs 
on three consecutive days occurred only in the left sag-
i t tal plane half-area orientations. No statistically 
significant difference was found between sexes. Thoracic 
conformation was significantly correlated with orienta-
t ions of frontal plane maximum vectors and with orienta-
tions of transverse plane maximum and half-area vectors. 
Direction of inscription of the QRS loop in the 
frontal plane was usually counterclockwise, but figure-8 
a nd clockwise patterns occurred frequently. In the 
transve rse plane, loops were counterclockwise except for 
one clockwise inscription. One of the twenty-nine dogs 
produced three consecutive figure-8 patterns in the left 
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sagittal plane. All other loops were inscribed counter-
clockwise. Both exceptions were marginal situations. 
The clockwise transverse plane loop was extremely narrow 
and the f igure-8 loops were only effected in the terminal 
one-fifth of the QRS loops . Most clockwise transverse 
and left sagittal plane inscriptions should be considered 
abnormal. 
h . . f h d (
79) T is evaluation o t e McFee an Parungao vector-
cardiographic lead system in dogs is inconclusive . Sta-
tistically significant variation among dogs does not render 
the system undesirable. Since it is the only corrected, 
orthogonal vectorcardiographic lead designed for the dog, 
it is the best available method of measuring the complete 
electrical activity of the heart . Although the QRS loop 
varies significantly among dogs it does not change signif-
icantly from day to day in the same dog . Variations among 
individuals could be reduced by the selection of appro-
priate instantaneous vectors for loop evaluation depending 
upon configuration of the loop. Orientations of half-area 
vectors had lower ranges and standard deviations in the 
transverse and left sagitta l plane. So ge~erally it would 
be a superior criterion. More narrow loops are best 
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evaluated by measurement and orien tation of the maximum 
vector . In order to adequately judge the ~sefulness 
of this method it is necessary to determine to what extent 
abnormal loop values coincide with the normal ranges. 
Computer analysis of magnetic tape recordings for the 
X, Y, and Z axes would facilitate the collection and eval-
uation of more dogs . By using the three corrected scalar 
VCG leads as opposed to the ten ECG leads , computer analysis 
and diagnosis could be simplified thereby providing a 
practical, more accurate method of evaluat ing the electrical 
activity of the dog's heart . 
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Figure 1. Placement of the McFee and Parungao trans-
verse (X) , longi~udinal (Y), and sagittal 
(Z) axis leads a s viewed from the ventral 
aspect of the dog . 
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Figure 2. Box diagram for recording and storage of scalar 
and planar vectorcardiography. 
Figure 3. 
55 
Representative planar vectorcardiogram from dog 
#39 in the three major body planes. 
Figure 4. 
56 
Representative scalar X, Y, and Z components 
from dog #39. 
Figures 5-7 . Scattergrams of maximum QRS vector s i n 
the frontal , transverse, and left sagittal 
planes from fifty- nine separate recordings 
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Figures 8 and 9. Scattergrams of half- area QRS vectors in 
the transverse and left sagittal planes 
from fifty- nine separate recordings. 
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Dog 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
61 
Table 1. Description of canine subjects and causes 
for rejection. 
Body wt. 
(kg) 
30.4 
16.8 
Age 
5 yr. 
1 yr. 
Breed 
Siberian Husky 
Mongrel 
Sex 
M 
F 
Thoracic 
Ratio 
1.19 
1. 26 
Ectopic Ventricular beats ------------------------
8 . 6 1 yr. Mongrel M 1. 08 
10.4 1 yr. Beagle M 1. 33 
11.4 1 yr. Mongrel F 1.15 
6 . 8 1 yr. Mongrel F 1. 26 
9.1 1 yr. Mongrel M 1. 09 
9.5 2 yr. Mongrel F .99 
15.4 1 yr. Mongrel F 1. 23 
Depressed S-T segment ----------------------------
10.4 1 yr. Mongrel M 1.12 
14.l 2 yr. Mongrel F 1.10 
15.4 3 yr. Mongrel F 1.15 
16.8 3 yr . Mongrel M 1. 28 
Pulmonary consolidation --------------------------
Lead II R amplitude more than 3.0 mv. ------------
Lead II R amplitude more than 3.0 mv. ------------
21.8 3 yr. Mongrel M 1.12 
16.4 4 yr. Mongrel M 1.15 
25 .4 2 yr. Collie M .92 
Mean electrical axis less than 40° ---------------
8.6 4 yr . Dachshund F 1. 06 
8 . 6 2 yr. Beagle F 1. 08 
Dog 
No. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
62 
Table 1. Continued 
Body wt. 
(kg) 
7.7 
13.6 
9.5 
17.7 
32.2 
Lead II 
22.8 
7.7 
25.9 
6.4 
Lead II 
Lead II 
Lead II 
Lead II 
9.5 
22.3 
R 
R 
R 
R 
R 
Age Breed 
1 yr. Beagle 
8 m. Collie 
2 yr. Cocker Spaniel 
4 yr. Siberian Husky 
11 m. German Shorthair 
amplitude more than 3.0 
3 yr. English Pointer 
2 yr . Schnauzer 
5 yr . Weimaraner 
2 yr. Mongrel 
amplitude more than 3.0 
amplitude more than 3.0 
amplitude more than 3.0 
amplitude more than 3.0 
3 yr. Mongrel 
5 yr. Laborador 
Sex 
F 
F 
F 
F 
M 
mv. 
M 
F 
F 
F 
mv. 
mv. 
mv. 
mv. 
F 
M 
Thoracic 
Ratio 
1.42 
1. 00 
.93 
1.10 
1.10 
------------
1. 20 
1.13 
1. 03 
1.10 
------------
------------
------------
------------
1.13 
1. 27 
Dog 
No . 
1 
2 
4 
5 
6 
Table 2. Magnitude and orientation of maximum QRS vector for frontal, 
left sagittal, and transverse planes over three consecutive 
days in each of fifteen dogs. 
Frontal Plane 
Day Magnitude 
(mv . ) 
1 2 . 60 
2 2.85 
3 2.95 
1 5.15 
2 3.45 
3 3 . 50 
1 1. 70 
2 2 . 35 
3 3 . 05 
1 3 . 45 
2 3.55 
3 4 .10 
1 1. 60 
2 2 . 15 
Orientation 
(degrees) 
+71 
+71 
+62 
+28 
+41 
+ 37 
+28 
+26 
+21 
+ 8 
+18 
+ 9 
+51 
+42 
Transverse Plane 
Magnitude 
(mv . ) 
1. 30 
1. 20 
1. 80 
4 . 60 
2.60 
2 . 95 
1. 65 
2 . 15 
3 . 00 
3 . 65 
3 . 85 
4 . 10 
2 . 10 
2 . 25 
Orientation 
(degrees) 
-42 
- 99 
- 23 
- 3 
0 
- 15 
-65 
+14 
-23 
+21 
+27 
+11 
-85 
-83 
Left Sagittal Plane 
Magnitude 
(mv.) 
2.50 
2 . 80 
2.80 
2 . 30 
2.35 
2.45 
1.80 
1. 25 
1. 95 
3.55 
2.75 
2.55 
2 . 20 
2 . 35 
Orientation 
(degrees) 
+103 
+ 94 
+101 
+151 
+153 
+127 
+147 
+116 
+145 
+154 
+152 
+147 
+162 
+161 
°' w 
Dog 
No. 
7 
8 
9 
10 
12 
Table 2. Continued 
Frontal Plane 
Day Magnitude 
(mv.) 
3 2.40 
1 2 . 05 
2 2.05 
3 2.65 
1 2.75 
2 2 . 70 
3 1.80 
1 2 . 05 
2 2.20 
3 3.55 
1 2.00 
2 1. 95 
3 2 . 00 
1 2 . 70 
2 2 . 05 
3 2 . 20 
Orientation 
(degrees) 
+27 
+41 
+31 
+33 
+22 
+31 
+40 
+37 
+46 
+30 
+33 
+42 
+27 
+40 
+24 
+35 
Transverse Plane 
Magnitude 
(mv . ) 
2.30 
2 . 15 
2 . 60 
2 . 65 
2.80 
2.75 
2.55 
2.20 
2.75 
3.15 
2.20 
2.35 
1. 90 
3.65 
2 . 75 
2.35 
Orientation 
(degrees) 
- 71 
+95 
+99 
+95 
- 73 
-79 
- 77 
-74 
-82 
-19 
-86 
-86 
-67 
- 78 
-70 
-81 
Left Sagittal Plane 
Magnitude 
(mv.) 
2 . 30 
2.30 
2 . 65 
2.45 
2.85 
2 . 90 
2.85 
2 . 35 
2.90 
2.75 
2.65 
2.60 
2.35 
3.85 
2 . 70 
2.50 
Orientation 
(degrees) 
+166 
+ 17 
+ 12 
+ 26 
+159 
+154 
+149 
+158 
+158 
+155 
+ 146 
+150 
+141 
+154 
+158 
+157 
°' .p. 
Dog 
No. 
13 
14 
15 
19 
20 
Table 2. Continued 
Frontal Plane 
Day Magnitude 
(mv.) 
1 2.75 
2 3.65 
3 3.30 
1 3.15 
2 3.25 
3 2 . 55 
1 4.45 
2 3.40 
3 3.30 
1 3.00 
2 2.80 
3 2.25 
1 3.85 
2 2.80 
3 4.10 
Orientation 
(degrees) 
+24 
+21 
+13 
+28 
+35 
+45 
+29 
+43 
+37 
+51 
+52 
+45 
+48 
+57 
+38 
Transverse Plane 
Magnitude 
(mv.) 
2.15 
3 .45 
3.60 
3.00 
2.70 
3.30 
4.15 
3.25 
3.60 
3.25 
4.00 
2.60 
3. 7 5 
2.10 
3.50 
Orientation 
(degrees) 
-97 
- 2 
- 31 
-21 
- 9 
- 81 
- 52 
-74 
-62 
-68 
-65 
- 64 
-66 
-49 
- 28 
Left Sagittal Plane 
Magnitude 
(mv.) 
3.45 
2.80 
3.75 
2.70 
3.00 
3.85 
4.30 
3.90 
3.85 
3.65 
4.15 
2.60 
4.05 
2.06 
3 . 00 
Orientation 
(degrees) 
+154 
+153 
+155 
+ 139 
+132 
+146 
+146 
+143 
+145 
+146 
+150 
+155 
+147 
+131 
+133 
°' U1 
Table 3. Magnitude and orientation of maximum QRS vector for frontal, 
left sagittal , and transverse planes of fourteen dogs. 
Frontal Plane 
Dog Magnitude 
No. (rnv . ) 
21 3 . 30 
23 2 . 75 
24 3.35 
25 2.80 
26 1.45 
27 2.25 
28 2 . 30 
29 2 . 90 
31 3.25 
32 3.15 
33 3.25 
34 3.30 
39 3.00 
40 2 . 15 
Orientation 
(degrees) 
+ 4 1 
+ 40 
+ 49 
+ 40 
+100 
+ 54 
+ 52 
+ 53 
+ 42 
+ 46 
+ 80 
+ 21 
+ 26 
+ 46 
Transverse Plane 
Magnitude 
(mv . ) 
4.00 
4 . 35 
3.35 
3. 1 0 
2.40 
2 . 85 
2 . 40 
2.95 
4 . 85 
2 . 90 
3.90 
3.10 
2.85 
2.50 
Orientation 
(degrees) 
- 52 
- 67 
- 55 
- 50 
- 108 
- 107 
- 93 
- 70 
- 62 
- 65 
- 78 
+ 11 
- 19 
- 75 
Left Sagittal Plane 
Magnitude 
(rnv. ) 
3.85 
4.55 
3.60 
2 . 95 
2.55 
2 . 85 
2 . 90 
3.05 
4.55 
2.95 
4.75 
2.15 
2 . 25 
3 . 10 
Orientation 
(degrees) 
+147 
+155 
+139 
+144 
+152 
+162 
+142 
+ 26 
+158 
+147 
+139 
+ 21 
+159 
+142 
°' °' 
Dog 
No. 
1 
2 
4 
5 
6 
7 
8 
67 
Table 4. Magnitude and orientation of half-area QRS 
vector for left sagittal and transverse planes 
over three consecutive days on each of fifteen 
dogs. 
Day 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Transverse Plane 
Magnitude 
1. 20 
1.15 
1. 55 
4.60 
2.60 
2.75 
1. 55 
2.15 
2 . 85 
3.00 
3 . 05 
3.35 
1.45 
1. 70 
2.20 
1.85 
1.80 
2.05 
2.55 
2.55 
2.00 
Orientation 
-52 
-60 
-60 
- 3 
+ 5 
-23 
-12 
+14 
-14 
+ 4 
+11 
+ 4 
-51 
-32 
-22 
+48 
+43 
+45 
- 9 
+27 
-47 
Left Sagittal Plane 
Magnitude 
2.20 
2.00 
2.10 
2.35 
2.25 
2 . 35 
1. 50 
1.10 
1. 65 
2.40 
1. 70 
2.00 
1.40 
1.60 
1. 20 
1.40 
1. 25 
1. 45 
1.00 
1.65 
1.00 
Orientation 
+120 
+126 
+137 
+ 98 
+100 
+116 
+138 
+ 85 
+137 
+128 
+ 91 
+112 
+ 91 
+110 
+ 79 
+ 59 
+ 49 
+ 77 
+ 83 
+ 54 
+128 
Dog 
No. 
9 
10 
12 
13 
14 
15 
19 
20 
68 
Table 4 . Continued 
Transverse Plane 
Day Magnitude Orientation 
1 1. 85 -29 
2 1. 55 -12 
3 3.10 -23 
l 1. 70 - 9 
2 1. 80 -46 
3 1. 90 -18 
1 3.20 -5 5 
2 2.45 -42 
3 2.00 -42 
1 2.75 -37 
2 3.45 0 
3 3.55 -38 
1 3 .00 -2 6 
2 2 .70 - 2 
3 3.30 - 55 
1 4.10 -24 
2 2 . 65 -2 5 
3 3.25 -37 
1 3 . 10 - 57 
2 3.85 - 67 
3 2 . 55 -55 
1 3.65 - 56 
2 2.00 -39 
3 3.45 -23 
Left Sagittal Plane 
Magnitude Orientation 
1.40 + 76 
1. 70 +105 
2.15 +124 
1. 20 +110 
1. 35 +108 
1.10 +113 
2.60 +136 
1. 00 +131 
1. 55 +124 
1. 25 +124 
1. 35 +101 
. 70 +112 
2.60 +1 36 
2.75 +123 
3 . 05 +140 
2.70 +123 
2.65 + 78 
2 . 50 +132 
3.65 + 143 
4.10 +147 
2 . 50 +144 
3. 7 5 + 138 
2.40 +102 
2.70 +112 
69 
Table 5 . Magnitude and orientation of half-area QRS 
vector for left sagittal and transverse planes 
of fourteen dogs. 
Transverse Plane Left Sagittal Plane 
Dog No. Magnitude Orientation Magnitude Orientation 
21 3.55 -62 3 . 75 +152 
23 3 . 95 -56 2.20 +138 
24 3 . 30 -52 3.05 +120 
25 3.00 -45 2 . 10 +121 
26 2.10 -99 2.35 +145 
27 2.10 -64 1. 90 +110 
28 2.00 -55 2.85 +138 
29 1. 90 -20 2.30 + 83 
31 4.60 -56 4 . 15 +149 
32 2.30 -12 2.35 +105 
33 2 . 95 -82 4.75 +138 
34 3.10 + 9 1. 20 + 89 
39 2.65 -30 1. 50 + 72 
40 2 . 30 -56 1. 90 +126 
Dog 
No . 
1 
2 
4 
5 
6 
7 
8 
70 
Table 6. Pattern of inscription, f i gure eight (8), 
clockwise (CW), and counterclockwise (CCW), 
of the QRS loop in the frontal , transverse, 
and left sagitta l planes over three consecu-
tive days in fi fteen dogs . 
Day 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Frontal 
Plane 
cw 
8 
8 
cw 
8 
cw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
8 
cw 
cw 
8 
8 
8 
ccw 
ccw 
ccw 
Transvers e 
Plane 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
Left 
Sagittal 
Plane 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
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Table 6. Continue d 
Dog Day Frontal Transverse Left 
No. Plane Plane Sagittal 
Plane 
9 1 8 ccw ccw 
2 ccw ccw ccw 
3 ccw ccw ccw 
1 0 1 ccw ccw ccw 
2 ccw ccw ccw 
3 ccw ccw ccw 
1 2 1 ccw ccw ccw 
2 ccw ccw ccw 
3 ccw ccw ccw 
13 1 ccw ccw ccw 
2 8 ccw ccw 
3 ccw ccw ccw 
14 1 ccw ccw ccw 
2 ccw ccw ccw 
3 ccw ccw ccw 
15 1 ccw ccw ccw 
2 ccw ccw ccw 
3 ccw ccw ccw 
19 1 ccw ccw 8 
2 8 CCW 8 
3 8 ccw 8 
2 0 1 ccw ccw ccw 
2 cw ccw ccw 
3 8 ccw ccw 
Dog 
No. 
21 
23 
24 
25 
26 
27 
28 
29 
31 
32 
33 
34 
39 
40 
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Table 7. Pattern of inscription, figure eight (8) , 
clockwise (CW) , and counterclockwise (CCW) , 
of the QRS loop in the frontal, transverse , 
and left sagittal planes of fourteen dogs. 
Frontal 
Plane 
8 
ccw 
ccw 
cw 
ccw 
8 
ccw 
cw 
cw 
8 
cw 
ccw 
cw 
ccw 
Transverse 
Plane 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
cw 
ccw 
ccw 
ccw 
Left 
Sagittal 
Plane 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
ccw 
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Table 8. Analysis of variance of the frontal plane 
maximum vectors' magnitude and orientation 
in fifteen dogs comparing the variation 
among dogs and among serial recordings. 
Variable Source df Mean square F value 
Maximum Dogs 14 1.3126 4.39** 
Magnitude Days 2 0.1184 <1.00 
Error 28 0.2987 
Maximum Dogs 14 511. 5156 10.10** 
Orientation Days 2 109.3542 2.16 
Error 28 50.6486 
**Significant at the 0.01 level 
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Table 9. Analysis of variance of the transverse 
plane maximum and half-area vectors' 
magnitude and orientation in fifteen 
dogs comparing the variation among dogs 
and serial recordings. 
Variable Source df Mean square F value 
Maximum Dogs 14 1.2278 3.67** 
Magnitude Days 2 0.1193 <LOO 
Error 28 0.3345 
Maximum Dogs 14 6813.9171 5.92** 
Orientation Days 2 1521.1618 1. 32 
Error 28 1150.9447 
Half-area Dogs 14 1. 3495 4.01** 
Magnitude Days 2 0.4028 1.19 
Error 28 0.3364 
Half-area Dogs 14 2112.2066 8 . 43** 
Orientation Days 2 617.0890 2 . 46 
Error 28 250.5461 
**Significant at the 0.01 level 
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Table 10. Analysis of variance of the left sagittal 
plane maximum and half-area vectors' 
magnitude and orientation in fifteen dogs 
comparing the variation among dogs and 
serial recordings. 
Variable Source df Mean square F value 
Maximum Dogs 14 0.9459 4.14** 
Magnitude Days 2 0.2012 <l. 00 
Error 28 0.2282 
Maximum Dogs 14 3878.63 7.34** 
Orientation Days 2 72.621 < 1. 00 
Error 28 528.0657 
Half-area Dogs 14 1.5609 9.14** 
Magnitude Days 2 0.2087 1. 22 
Error 28 0.1706 
Half-area Dogs 14 1238.6083 4.36** 
Orientation Days 2 1352.3103 4.75* 
Error 28 284.6749 
*Significant at the 0.05 level 
**Significant at the 0.01 level 
